Background and objectives: Though ultrasonography and color Doppler are well established diagnostic techniques in medical sciences, it is not so popular in dentistry. Aim of the study was to evaluate the diagnostic value of ultrasonography and color Doppler in periapical cysts and granulomas in the anterior region of the jaws.
InTRoDUCTIon
Periapical granuloma and cyst are consequent to the inflammatory response of the tooth pulp to various irritants. Granuloma is a mass of vascular granulation tissue formed at the apex of a nonvital tooth and is indeed an attempt to prevent the spread of harmful toxic products to surrounding tissues and thereby to systemic circulation. Granuloma can progress into a periapical (radicular) cyst; the most common odontogenic cyst or into a periapical abscess.
1
A cyst may warrant surgical endodontics more frequently as compared to granuloma.
2 Therefore, correct diagnosis of periapical cyst and granuloma can be decisive in opting for invasive surgical or nonsurgical endodontics and is therefore clinically important.
3
Diagnostic value of ultrasound imaging in all the disciplines of medicine and surgery has been well established.
4 Ultrasonography (USG) uses high frequency sound waves in the range of 2 to 18 MHz generated from a transducer/probe. These nonaudible waves travel at different speeds through different media and are absorbed, reflected or scattered based on their acoustic impedance values. The echoes are then sent back to the probe where they are detected, amplified and analyzed to form the image. Different body tissues produce different echo intensities to form the USG images. Calcified structures like bone which are highly reflective to ultrasound waves appear white (hyperechoic), while fluids that transmit ultrasound waves are seen as black (anechoic). Soft tissues with densities in between these two extremes present as different shades of gray (hypoechoic). 5 When observing vascular tissues, sonography is usually augmented with color Doppler.
6
An early use of ultrasonography in dentistry was for detecting the dentin-enamel and dentin-pulp interface of teeth.
7 It was then used for periodontal disease assessment, The increased thickness of posterior jaw bones; for both the maxilla and mandible, act as a deterrent in imaging respective root apices with ultrasound waves. 16 In this context, it is imperative to evaluate whether ultrasound imaging can be used to diagnose periapical granulomas and cysts with reliable sensitivity and specificity in the anterior jaw areas.
MATeRIAlS AnD MeThoDS
Thirty patients aged between 30 and 50 years diagnosed clinically and radiologically with periapical lesions, in the maxillary or mandibular anterior teeth, were selected for the study. To ensure that lesions were inflammatory and exclusively pulpal in origin, only those patients with caries exposed or nonvital tooth with history of trauma were included, after an informed consent and clearance from institutional ethics committee. Ultrasonography was carried out with a linear array, regular-size probe at a frequency of 10 MHz; Vivid 7 ultrasound system, GE Medical, WI, USA. Probe was placed extraorally over the apical area of the affected tooth for ultrasonography and color Doppler examination. The echo intensity anechoic/hypoechoic, internal echo pattern, posterior echo enhancement, contour, boundary and vascularity of the lesions were used to describe the lesions. 4 After root canal filling, endodontic surgery was performed under local anesthesia in aseptic conditions. Periapical lesions were then completely excised; tissue was cleaned with normal saline and was kept in 10% formalin solution. Samples were processed and stained with hematoxylin and eosin stain and were examined under light microscope (Olympus light microscope, Olympus Corporation, Tokyo, Japan) at ×100 magnification. Association between USG and histopathology was analyzed with Chi-square tests. Sensitivity, specificity, positive and negative predictive values and accuracy of USG and color Doppler in periapical lesions were also determined.
ReSUlTS
Out of the 30 cases, USG and color Doppler showed presence of periapical lesions in 27 cases (Table 1) . five lesions presented with anechoic areas with posterior echo enhancement and increased echo intensity at bony contours. They had well-defined, round, smooth contours with no evidence of internal vascularity in color Doppler. These cases were ultrasonographically diagnosed as non-infected periapical cysts (Fig. 1) . Its histopathology also correlated to USG and color Doppler diagnosis (Fig. 2) . The samples showed connective tissue walls with thin layer of stratified squamous epithelium lining the cavity. In cases of intense inflammation, epithelium was either not seen or was discontinuous. Contents of the cyst looked pale eosinophilic, suggestive of its low protein concentration. Fibroblasts, plasma cells and lymphocytic infiltration were other cellular types.
Fifteen lesions showed hypoechoic areas with heterogeneous internal echo pattern. They had increased echo intensity at marginal bony contours which were mostly irregular. Lesions showed round or variable shape, with no vascularity in the color Doppler. Changes in the echo intensity of the surrounding soft tissues were also noteworthy. These cases were diagnosed as infected periapical cysts by USG (Fig. 3 ) and were later confirmed by histopathology also. Samples had high degrees of inflammatory infiltrate, even in the lumen of the cysts with absence of epithelial lining (Fig. 4) .
Seven cases were seen with hypoechoic areas and poorly defined borders in USG and rich internal vascularity in color Doppler (Fig. 5 ). They were diagnosed as periapical granulomas. Histopathology reaffirmed USG and color (Fig. 6) . Tissue samples showed numerous fibroblasts, connective tissue fibrils and vascular channels. Other cell elements included macrophages, lym phocytes, plasma cells, mast cells and multinucleated giant cells.
Rest three cases showed no periapical lesion on USG and color Doppler but proved to be periapical granuloma in the histopathology. Relation between USG/color Doppler of periapical lesions with histopathology is shown in Table 1 . Infected and noninfected cysts demonstrated 100% correlation, while periapical granuloma had 70% association at p < 0.001. This related to 90% accuracy with overall positive and negative predictive values of 86.96% and 100% respectively, for USG and color Doppler in diagnosing dental periapical lesions (Table 2 and Graph 1).
DISCUSSIon
In the present study, we used a B-mode USG for diagnosing the periapical lesions. In this mode, ultrasound waves are swept through the patient's body producing a 2D image in the form of tiny dots of different shades of gray. Both static and real time images are possible in this mode with provision for applying color Doppler. The probes used in USG are also of different types: low frequency curved probe, high frequency linear array probe and phased array microconvex probe. Linear array probes operate at high frequency and produce a rectangular image of high resolution. They are effective for scanning relatively superficial musculoskeletal structures 4 and therefore we used it for dental periapical lesions. We observed that the USG imaging were 100% effective for cysts and 90% for granulomas. Its high diagnostic accuracy is worth comparing against the deleterious effects of radiation involved in conventional dental imaging. Globally, dental X-rays constitute 15% (480 million) of the total diagnostic X-ray examinations done every year.
17
Panoramic examination has an effective dose of 3-11 microsieverts (µSv) while cephalograms have 5 to 7 µSv, occlusal 5 µSv, bite wing 1-4 µSv, full mouth intraoral periapical The thickness of cortical plate varies in maxilla and mandible and even at different locations on the same bones. Mandibular cortical thickness decreases from 3.7 mm in the anterior region to 1.4 mm in the posterior. It is also thicker on the facial side than on the lingual side and has been cited as 1.12 to 1.33 mm in the maxilla and 1.25 to 2.98 mm for mandible with thickness tending to increase from the cementoenamel junction to the apex. 19 We used 'linear probe' on the extraoral surface of periapical area of the concerned teeth. In cases of thick buccal cortical bone, an approach from the lingual/palatal side on the periapical area of the concerned teeth through a 'transcavitary probe' might prove effective. This approach might obviate the issue of increased thickness encountered on buccal side. Notwithstanding that clinician's experience in performing USG and his/her knowledge of oral anatomy and pathology are important in the correct examination and interpretation of USG and color Doppler images. Efficacy of USG in distinguishing different types of cysts like developmental or traumatic were evaluated by Cotti and Campisi.
13 They cited limitations in differentiating varied types of cysts specifically. Sumer et al 11 also concurred to this view which was in agreement to our findings.
ConClUSIon
The study demonstrated that USG in combination with color Doppler is a reliable method for the differential diagnosis of solid and cystic lesions of pulpal origin. Good correlations existed between the echo intensity and histopathologic features of periapical cyst and granuloma. Color Doppler was found effective in diagnosing solid lesions, like periapical granuloma, while along with USG it could very well differentiate noninfected and infected cysts. Overall, cysts had 100% correlation with its histopathology but granuloma had only 70%. The thick overlying bone was the main reason hindering ultrasonography of intrabony periapical lesion. With sound knowledge of oral anatomy/histology and basic expertise in USG and color Doppler, the method offers a safe and noninvasive diagnostic option in dentistry.
